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(54) Thin film transistors 

(57) The specification describes thin film transistor 
CMOS integrated circuits wherein the semiconductor is 
an am bipolar organic material. The preferred material is 



tetracene or pentacene. In these CMOS devices, a sin- 
gle homogeneous layer of tetracene or pentacene can 
be used in both n-type (inversion) and p-type (accumu- 
lation) devices. 
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Description 
Field Of The Invention 

[0001] The invention relates to thin film transistors 
(TFTs), and more particularly to TFT devices with new 
ambipolar semiconductor materials. 

Background Of The Invention 

[0002] Over the last decade, JC technologies have 
been proposed that use organic semiconductor thin film 
transistors (TFTs). The chief attractions of such circuits 
stem from the anticipated ease of processing and com- 
patibility with flexible substrates. These advantages are 
expected to translate into a low-cost IC technology suit- 
able for applications such as smart cards, electronic 
tags, displays, etal. 

[0003] TFT devices are described in F. Gamier et al., 
Science, Vol. 265, pp. 1 684-1 686; H. Koezuka et al., Ap- 20 
plied Physics Letters, Vol. 62 (15),pp. 1794-1796; H. 
Fuchigami et al,, Applied Physics Letters, Vol. 63 (10), 
pp. 1372-1374; G. Horowitz et al., J. Applied Physics,' 
Vol. 70(1), pp. 469-475; and G. Horowitz et al., Synthetic 
Metals, Vol. 42-43, pp. 1127-1130. The devices de- 25 
scribed in these references are based on polymers or 
oligomers as the active materials, in contrast with the 
amorphous silicon TFT structures that were developed 
earlier. The devices are typically field effect transistors 
(FETs). Polymer active devices have significant advan- 30 
tages over semiconductor TFTs in terms of simplicity of 
processing and resultant low cost. They are also com- 
patible with polymer substrates used widely for intercon- 
nect substrates. Polymer TFTs are potentially flexible, 
and polymer TFT ICs can be mounted directly on flexible 35 
printed circuit boards. They also have compatible coef- 
ficients of thermal expansion so that solder bonds, con- 
ductive expoxy bonds, and other interconnections ex- 
perience less strain than with semiconductor IC/polymer 
interconnect substrate combinations. While MIS FET 40 
devices are most likely to find widespread commercial 
applications, TFT devices that utilize both p-type and n- 
type organic active materials are also known. See e.g., 
U.S. Patent No. 5,315,1 29. S. Miyauchi et al., Synthetic 
Metals, 41 -43 (1991), pp. 1155-1158, disclose a junction 
FET that comprises a layer of p-type polythiophene on 
n-type silicon. 

[0004] Recent advances in polymerbased TFT devic- 
es are described in U.S. Patent No. 5,596,208, issued 
May 10, 1996, U.S. Patent No. 5,625,199, issued April 
29, 1997, and U.S. Patent No. 5,574,291, issued Nov. 
12, 1996. With the development of both n-type and p- 
type active polymer materials, as described in these pat- 
ents, complementary ICs can be readily implemented, 
as detailed particularly in Patent No. 5,625,199. How- 
ever, following these teachings a true integrated CMOS 
circuit requires the preparation or deposition of two dif- 
ferent materials to form the complementary device. 



Summary Of The Invention 

[0005] We have developed a TFT CMOS device 
which uses a single, homogeneous, organic semicon- 
5 ductor material, which in the preferred case is tetracene 
or pentacene. We have discovered that tetracene and 
pentacene, when properly prepared with the correct 
crystal form and purity, exhibits ambipolar behavior. 
Thus a single homogeneous layer of this material can 
io be formed over two MOS gated transistors and can be 
operated in a complementary mode. 

Brief Description Of The Drawino : 

15 [0006] 

Fig. 1 is a schematic of a preferred TFT device con- 
figuration; 



Fig. 2 is a plot of drain current vs. drain-source volt- 
age for a pentacene TFT of the invention showing 
operation in the inversion mode (n-type); 

Fig. 3 is a plot of drain current vs. drain-source volt- 
age for a pentacene TFT of the invention showing 
operation in the accumulation mode (p-type); 

Fig. 4 is a plot of drain current versus gate voltage 
for a pentacene TFT of the invention; 

Fig. 5 is a plot of temperature vs. mobility showing 
the power law dependence with temperature for 
both n-type and p-type pentacene TFT devices; 

Fig. 6 is a schematic diagram of a CMOS inverter 
using pentacene TFTs according to the invention; 

Figs. 7-24 are schematic representations of proc- 
ess steps useful for forming the CMOS inverter of 
Fig. 6, or similar IC devices; and 

Fig. 25 is a transfer characteristic for the inverter 
circuit of Fig. 6; 



45 Detailed Description 

[0007] A basic TFT structure is shown in Fig. 1 , with 
semiconductor substrate 11, source and drain elec- 
trodes 12 and 13, gate dielectric 14, and gate 15. Ac- 
so cording to a main feature of the invention the semicon- 
ductor substrate is an organic ambipolar material that is 
essentially intrinsic, but, depending on the polarity of the 
gate voltage, can be transformed to n-type or p-type 
semiconductor. In the preferred embodiment of the in- 
55 vention the ambipolar material is pentacene. Tetracene 
and pentacene are known to have very high hole mobil- 
ity and consequently function efficiently for p-channel 
transistors operating in the accumulation mode. We 
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have found that high quality, pure, tetracene or penta- 
cene crystals have sufficiently low trap density for both 
holes and electrons that it can be operated also in the 
inversion mode. Thus a pair of transistors having the 
identical structure as shown in Fig. 1 can be integrated 
and operated as a CMOS pair. Measurements have 
shown room temperature mobilities of the order of 2 cm 2 
/ Vs for both carrier types, increasing at low tempera- 
tures up to 1200 cm 2 / Vs for p-type and 300 cm 2 / Vs 
for n-type. Room temperature ON-OFF ratios exceeding 
10 8 have been measured. 

[0008] High purity tetracene and pentacene single 
crystals may be grown by physical vapor deposition 
(PVD) in a transport process as described for example 
in "Physical vapor growth of organic semiconductors", 
R. A. Laudise et al., Journal of Crystal Growth 187 
(1 998) 449-454. Crystals may be prepared in a horizon- 
tal transport tube using a transport gas of N 2 and H 2 
flowing at 30 ml/min. with a 2.5 cm 2 tube (cross section 
area). A source temperature of 285 °C and a deposition 
temperature in the range 220 °C and 280 °C produces 
10x2 mm crystals. Crystals produced by PVD were 
found by space charge limited current measurements to 
have trap concentrations (for holes) and acceptor den- 
sities as low as 10 13 and 10 11 cm" 3 , respectively. 
[0009] MOS devices were produced using pentacene 
crystal substrates, and gold evaporated source and 
drain contacts with a width of 500 to 1500 ujd spaced 
at between 25 and 50 urn. The gate dielectric was alu- 
minum oxide, Al 2 0 3 , deposited by r-f magnetron sput- 
tering (capacitance C; approx. 30 nF/cm 2 ). The gate 
electrode was evaporated gold. 

[001 0] The l D / V SD characteristics were measured at 
room temperature and are presented in Figs. 2 and 3. 
The curves in Fig. 2 show characteristics for a device 
operating in the inversion mode, and the curves of Fig. 
3 show the characteristics for a device operating in the 
accumulation mode. For operation in inversion, an elec- 
tron mobility of 1 .7 cm 2 / Vs and an ON-OFF ratio of 1 0 8 
were measured. For operation in accumulation, the hole 
mobility measured was 2.7 cm 2 / Vs and the ON-OFF 
ratio at 10 V is 10 9 . In the accumulation mode, typical 
threshold voltages are approximately - 1 volt. In combi- 
nation with the steep sub-threshold slope of 200 meV/ 
decade (see Fig. 4) this low threshold voltage indicates 
the high quality of the pentacene single crystal as well 
as the low surface state density of the pentacene/AI 2 0 3 
interface. Threshold voltages for inversion in these de- 
vices is typically somewhat higher, e.g. 5 V, which re- 
veals the highertrap density for electrons than for holes. 
[0011] Extraordinarily simple CMOS devices can be 
produced using tetracene or pentacene. A single homo- 
geneous semiconductor layer may be used for both de- 
vices, eliminating the need, as in conventional devices, 
for separate n-type and p-type materials, or N and P 
wells, in the substrate. Due to the device structure, as 
will become evident, isolation is simplified. 
[0012] The transfer characteristic for a single TFT 



pentacene transistor as just described in shown in Fig. 
4. Curve 16 gives data for the device in accumulation 
(p-channel) operation, i.e. negative gate voltage and 
negative source drain voltage, and curve 1 7 gives data 
5 for the device operating in inversion, i.e. positive gate 
voltage, positive source. Two such field effect transistor 
(FET) devices can be combined to form an inverter cir- 
cuit (Fig. 6). This can be realized either by connecting 
two FETs each with a source and drain contact (4 elec- 
10 trodes) or by using one common electrode (3 elec- 
trodes). Using the former method, a gain as high as 10 
has been measured. Higher gains, as high as 23, have 
been measured on devices using different metals as 
source/drain electrodes in the n- and p-type device sec- 
is tions. Due to the high mobilities observed in these de- 
vices, especially for n-type transport, a significant im- 
provement in switching speed and performance over 
previously described organic complementary circuits 
can be realized. This performance advantage is over 
20 and above the simplified processing and attendant low- 
er cost of ambipolar CMOS devices. 
[0013] The temperature dependence of the field-ef- 
fect mobility in a TFT transistor was measured and is 
presented in Fig. 5. Curve 18 shows data for a device 
25 operating in n-type mode, and curve 1 9 shows data for 
a device in p-type mode. As mentioned earlier, the mo i 
bilities increase following a power law from 2.7 or 1 .7 at 
room temperature up to 1200 or 300 cm 2 / Vs at low 
temperatures. This temperature dependence and the 
30 very high low temperature mobilities suggest that 
charge transport in these devices is governed by band- 
like motion similar to that seen in conventional inorganic 
semiconductors, and further suggests that other as- 
pects of device operation and performance will track 
35 known models. 

[0014] A processing sequence for making ambipolar 
TFT CMOS devices is described as follows in conjunc- 
tion with Figs. 7-24. The device used for illustration is a 
simple inverter circuit as shown in Fig. 6. The TFT de- 
40 vice structure used for the process illustration is the up- 
side-down configuration that is described and claimed 
in U.S. Patent Application Serial No. 09/137,920 filed 
08/20/98, which is incorporated herein by reference. 
. This TFT structure offers several advantages. It can be 
45 made with simple processing. The deposition of the 
semiconductor layer occurs late in the process thus 
avoiding hostile process conditions such as etchants, 
cleaning agents, high temperature, etc. Importantly, the 
upside down structure, as described here, has inherent 
50 electrical isolation between devices in a CMOS pair as 
well as between pairs. 

[0015] Referring to Fig. 7, a portion of an IC substrate 
is shown at 21 . A single TFT CMOS pair will be illustrat- 
ed for simplicity, but it will be understood that the single 
55 pair of devices is representative of a large integrated 
array of devices. Also, the features shown in the figures 
herein are not to scale. Substrate 21 is an insulating ma- 
terial such as ceramic, glass, a polymer, or may be a 
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metal foil covered with an insulating layer. It may be rigid 
or flexible, and it may comprise a standard printed circuit 
substrate of expoxy or ceramic. Alternatively It may be 
silicon on which an insulating layer of Si0 2 is grown or 
deposited. The first level metal is shown at 22. In this 
inverted structure this level is referred to as the first level 
because it is formed first but, as will be appreciated by 
those skilled in the art, it corresponds to the second or 
third level metal in traditional structures. The metal may 
be any of a variety of conductive materials. The common 
choice in standard IC technology is aluminum. However, 
due to the nature of the structures described here the 
choice of conductive material may be made from a larg- 
er universe than is usually considered, including the 
standard materials, i.e. aluminum, TiPdAu, TiPtAu, TaN, 
TiN, Au, Ni, etc., as well as non-traditional choices most 
notably, copper, and conductive polymers such as poly- 
analine and metal-containing polymer inks. The use of 
polymer conductors may be favored in applications 
where a degree of flexibility is desired. The choice of 
deposition technique is wide since the structures at this 
stage in the processing, as contrasted with traditional 
IC processing at this stage, have no thermally sensitive 
components. Thus this deposition step, as well as sub- 
sequent deposition and etching steps used for forming 
the two level or multi-level metallization interconnec- 
tions, may involve significant substrate heating if that is 
otherwise convenient and cost effective. Accordingly, 
the metal layer can be evaporated, or sputtered. The 
thickness of the metal layer can vary widely, but will typ- 
ically be in the range 0.05 to 2 um 
[001 6] The next step, represented by Fig. 8, is to pat- 
tern the first level metallization using a lithographic mask 
23. The mask is typically made by photolithography, but 
may also be formed using e-beam or x-ray lithography. 
Other masking steps, to be described below, may also 
utilize these alternative lithography technologies. The 
first metal layer is then patterned by standard etching, 
e.g. plasma or RIE etching, to produce the pattern of 
metal runners 24 as shown in Fig. 9. Patterning of these 
metal layers may also be achieved by additive tech- 
niques such as screen printing, stamping, microprinting, 
etc., which may be expected to provide cost advantag- 
es. 

[0017] With a wide choice of conductive materials 
available, it may be useful, in applications where the in- 
terconnect density is not large, to print the circuit directly, 
using screen printing, stenciling, ink jet printing or a sim- 
ilar technique. 

[0018] With reference to Fig. 10, the first interlevel di- 
electric 25 is formed over the first level metal pattern as 
shown. The interlevel dielectrics in the structures ac- 
cording to the invention may be of a variety of insulating 
materials such as spin on glass (SOG), or Si 3 N 4 or Si0 2 
deposited by CVD for example. In the TFT structures i 
described here, it is expected that the use of polymer 
materials wherever they can be effective will be desira- 
ble, both from the standpoint of processing simplicity 



and cost, and also to produce IC structures that tolerate 
strain, i.e. are somewhat flexible. Accordingly, for such 
applications the use of polyimide or similar organic pol- 
ymer insulating material insulators may be desirable. A 
5 suitable material is a polyimide supplied by Nissan 
Chemical Company underthe designation RN-812. This 
material can easily be produced in layers with 0.1-1 jim 
thickness, which have desirable insulating properties. 
The application technique for organic insulators is typi- 
10 cally spin coating or solution casting. Some inorganic 
insulators, notably spin-on-glass, also share the prop- 
erty of convenient application. In some applications, 
where fine pattern dimensions are not required, the di- 
electric layer may be applied as a patterned layer, al- 
1S ready containing the interlevel windows. 

[0019] The second level metal, 29, is deposited over 
the first interlevel dielectric 25 as shown in Fig. 11 . The 
second level metal may be the same as, or may be dif- 
ferent from, the first level metal. The second level metal 
20 is patterned in a manner similar to the first level using 
mask 31 to form runners 32 as shown in Figs. 1 2 and 1 3. 
[0020] , The next step forms the second interlevel die- 
lectric 33 as shown in Fig. 1 4. This layer may be formed 
in a manner similar to layer 25. Interlevel dielectric 33 
25 is provided with through holes or windows for interlevel 
interconnections between the first level (24) and the 
gate level to be formed next. The interlevel dielectric is 
masked with patterned mask 34 as shown in Fig. 15, 
and the portion of dielectric layer 33 exposed by the 
30 opening 35 in the resist is etched to form a window to 
interconnect the first and gate levels. The mask opening 
is aligned to metal runner 24 in the first level intercon- 
nection pattern. A single interlevel interconnection is 
shown for simplicity, but a typical IC will have many such 
35 interlevel interconnections. These interlevel intercon- 
nections are standard, and techniques for forming the 
interlevel windows are well known. For example, if the 
dielectric layer is Si0 2 the windows may be formed by 
plasma etching or RIE. The resulting structure is shown 
40 in Fig. 16, with interlevel window 36 formed in the die- 
lectric layers 25 and 33. 

[0021] The gate level metal, usually the first level met- 
al in a traditional structure, and usually of polysilicon, is 
formed late in the sequence of the invention, and may 

«5 comprise a wide variety of metals. The usual require- 
ment that the gate level metal be relatively refractory to 
withstand the conventional implantation drive steps is 
eliminated in the process of the invention, so the gate 
material may be selected from many materials, even 

>o aluminum or copper. However, the art has extensive ex- 
perience with silicon gates insulated with grown Si0 2 . 
Tantalum gates insulated with TaN or TIN may also be 
convenient. Conducting polymers may also be suitable 
for the gate metal and are especially compatible with 

* other elements in the structures described here. 

[0022] The gate metal layer 37 is shown in Fig. 1 7 de- 
posited over the second interlevel dielectric layer 33 and 
into the windows that will interconnect selected gates to 
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the first level metal. The gate metal layer Is then pat- 
terned {Fig. 18) by lithography to form gate structures 
38 and 39. Gate 38 is interconnected on the gate level 
and gate 39 is interconnected, in this illustrative ar- 
rangement, to runner 24 on the first level. This allows 
different voltages to be applied to the gates of a CMOS 
pair. For simplicity, the metal is shown deposited into the 
window as a part of the gate metal deposition step. As 
known by those skilled in the art, interlevel plug technol- 
ogies can be used forformingthe interlevel interconnec- 
tions. 

[0023] The gate dielectric 41 is then formed over the 
structure as shown in Fig. 19. The gate dielectric may 
be of a conventional oxide or nitride as indicated above, 
or may be SOG or an organic insulator such as polyim- 
ide that can be formed conveniently by spin-on tech- 
niques. An example of such a material is pre-imidized 
polyimide, supplied by Nissan Chemical Company un- 
der the designation SE-1180. This material can be spun 
on at 4000 RPM and cured at 1 20 °C for 2 hours to pro- 
duce a coating with a thickness of 70 nm. If desired, the 
gate material may be polysilicon, and the gate dielectric 
grown as a surface layer over the polysilicon in which 
case the gate dielectric layer 41 would not cover the en- 
tire second interlevel dielectric as it appears in Fig. 19. 
[0024] The gate dielectric is masked with patterned 
mask 43 as shown in Fig. 20, and the portion of gate 
dielectric layer 41 and the underlying portion of dielectric 
layer 33 exposed by the openings 44, 45, 46, and 47 in 
the resist, is etched to form a window to interconnect the 
source drain contacts to the second metal level. The 
mask openings are aligned to metal runners 32 in the 
second level interconnection pattern. 
[0025] The source/drain contact layer 51 is then de- 
posited over the structure as shown in Fig. 21, and metal 
contact is made to the second level runners 32. Layer 
51 is then patterned using a lithographic mask (not 
shown) to define source electrodes 53, 54 and drain 
electrodes 55, 56, as shown in Fig. 22. Alternatively, the 
source and drain can be formed using known additive 
technology. The source and drain electrode materials 
may be gold, aluminum, polysilicon or any of a number 
of metal conductors, or may be organic conductors such 
as polyaniline. For display applications the electrodes 
may be indium tin oxide. As is well known, the position 
of the source and drain electrodes should be adjacent 
to the gate electrode in the vertical plane, or should over- 
lap slightly the edge of the gate electrode. 
[0026] One of the last essential steps in the process 
of the invention, which is the first step in the traditional 
FET process, is illustrated in Fig. 23 and is the formation 
of the active semiconductor bodies 61 , 62 in which the 
field effect is realized, and in which the FET channel ex- 
tends between sources 53, 54 and drains 55, 56. In this 
invention, the active material is an organic ambipolar 
semiconductor. 

[0027] If necessary, the device can be sealed using a 
conventional passivating layer 71 as shown in Fig. 24. 



The passivating layer may be polyimide. 
[0028] Fig. 25 shows a transfer characteristic for the 
CMOS device represented by Fig. 6. A gain of 10 was 
measured. 

[0029] As mentioned earlier, the TFT structure de- 
scribed and produced by the foregoing sequence of 
steps is but one form of TFT to which the invention can 
be applied. 

[0030] As indicated earlier, the features in the figures 
io are not necessarily to scale. The dimensions of the ac- 
tive devices, i.e. the TFTs, can be made very small using 
fine line techniques. At very small dimensions a single, 
polymer chain, or a few organic molecules span the 
source-to-drain distance. With such an IC technology, it 
is js possible to achieve extremely high integration densi- 
ties. The molecular nature of organic/polymer semicon- 
ductors allows the size of such transistors to shrink to 
such small dimensions, and also enables effective iso- 
lation between individual transistors. The dimensions of 
20 some of the interconnections, e.g. power and ground in- 
terconnections, may be significantly larger than those 
that appear in the figures. 

[0031] It will be understood by those skilled in the art 
that an important feature of the invention is that a single 

25 ambipolar material, with a homogeneous composition 
throughout, may form the semiconductor element of 
both transistors of a CMOS pair. The advantages of this 
feature from the standpoint of process simplicity and 
cost are evident. 

30 [0032] The process sequence shown above for mak- 
ing the CMOS inverter circuit has three metal levels, 
partly to show the potential of the process for making 
more complex circuits. 

[0033] Various additional modifications of this inven- 
35 tion will occur to those skilled in the art. All deviations 
from the specific teachings of this specification that ba- 
sically rely on the principles and their equivalents 
through which the art has been advanced are properly 
considered within the scope of the invention as de- 
40 scribed and claimed. 



Claims 

1 . An integrated circuit CMOS device comprising: 

a. a substrate, said substrate comprising an 
ambipolar organic semiconductor material with 
a homogeneous composition throughout, 

b . a pair of field effect transistor devices formed 
on said substrate said pair of field effect devices 
comprising a first MOS transistor and a second 
MOS transistor, each of said MOS transistors 
comprising: 

i. a source electrode on said substrate, 
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ii. a drain electrode on said substrate and 
spaced from said source electrode leaving 
a channel location therebetween, 



e. means for biasing the gate electrode of either 
said first or said second MOS transistor with a 
positive voltage. 



iii. a dielectric layer covering both said 5 4. 
source electrode and said drain electrode, 

and 

iv. a gate electrode overlying said channel 
location, and 10 5. 

c. means for biasing the gate electrode of either 
said first or said second MOS transistor with a 
positive voltage. 

15 6. 

The integrated circuit device of claim 1 wherein the 
ambipolar semiconductor material is selected from 
the group consisting of tetracene and pentacene. 

An integrated circuit CMOS device comprising: 20 7. 

a. a substrate with the top surface thereof com- 
prising an insulating material, 

8. 

b. a first conductive interconnection circuit on 25 
said substrate, 

c. an insulating layer covering said first inter- 
connection circuit, 



30 



35 



d. at least one pair of field effect transistors 
formed on said insulating 
layer, said at least one pair of field effect tran- 
sistors comprising a first field effect transistor 
and a second field effect transistor, each of said 
field effect transistors comprising: 



i. a gate electrode formed on said insulat- 
ing layer, said gate electrode comprising 
two opposing edges, *o 

ii. a gate dielectric layer overlying said gate 
electrode, and forming a channel region 
over said gate electrode extending be- 
tween said two opposing edges, 45 

iii. a source electrode adjacent said gate 
electrode on one of said two opposing edg- 
es, thereby forming a first edge of said 
channel region, so 

iv. a drain electrode adjacent said gate 
electrode on the other of said two opposing 
edges, thereby forming a second edge of 
said channel region, 55 

vi. an ambipolar organic semiconductor in 
said channel region. 



The integrated circuit CMOS device of claim 3 
wherein said ambipolar organic semiconductor is 
selected from the group consisting of tetracene and 
pentacene. 

The integrated circuit CMOS device of claim 3 fur- 
ther including a second conductive circuit and an 
insulating layer covering said second conductive 
circuit. 

The integrated circuit CMOS device of claim 5 
wherein means e. comprises said first conductive 
circuit and means f. comprises said second conduc- 
tive circuit. 

The integrated circuit CMOS device of claim 5 
wherein the said conductive circuits comprise an or- 
ganic polymer. 

A method for manufacturing an integrated circuit 
CMOS device comprising: 

a. preparing a substrate, said substrate com- 
prising an ambipolar organic semiconductor 
material with a homogeneous composition 
throughout, 

b. forming a pair of field effect transistor devices 
on said substrate said pair of field effect devices 
comprising a first MOS transistor and a second 
MOS transistor, each of said MOS transistors 
made by the steps comprising: 

i. depositing a source electrode on said 
substrate, 

ii. depositing a drain electrode on said sub- 
strate and spaced from said source elec- 
trode leaving a channel location therebe- 
tween, 

iii. depositing a dielectric layer covering 
both said source electrode and said drain 
electrode, and 

iv. forming a gate electrode overlying said 
channel location, 

c. means for biasing the gate electrode of either 
said first or said second MOS transistor with a 
positive voltage. 

The method of claim 8 wherein the ambipolar sem- 
iconductor material is selected from the group con- 
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sisting of tetracene and pentacene. 

10. A method for the manufacture of an integrated cir- 
cuit comprising the steps of: 

5 

a. depositing a first electrically conductive layer 
on an insulating substrate, 

b. patterning said first electrically conductive 
layer to form an interconnect circuit, 10 

c. depositing a first insulating layer over said 
first interconnect circuit, 

d. depositing a second electrically conductive '5 
layer on said first insulating layer, 

e. patterning said second electrically conduc- 
tive layer to form a second interconnect circuit, 

20 

f. depositing a second insulating layer over said 
second interconnect circuit, 

g. forming at least one pair of field effect tran- 
sistors comprising a first field effect transistor 25 
and a second field effect transistor, each of said 
field effect transistors made by the steps of: 

i. forming a field effect transistor gate, 

30 

ii. forming a gate dielectric layer over said 
field effect transistor gate, 

iii. forming spaced apart source and drain 
electrodes, and 35 

iv. forming an active layer between said 
source and drain 

electrodes, said active layer comprising an 
ambipolar organic semiconductor, 40 

h. interconnecting the gate of said first field ef- 
fect transistor to said first interconnect circuit 
and interconnecting the gate of said second 
field effect transistor to said second intercon- 45 
nect circuit, and 

i. providing means for biasing the gate elec- 
trode of either said first or said second MOS 
transistor with a positive voltage. so 

11. The method of claim 10 wherein the ambipolar sem- 
iconductor material is selected from the group con- 
sisting of tetracene and pentacene. 

55 
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